ABSTRACT. This study was aimed at demonstrating associations between peripheral biochemical parameters, endometrial leukocyte esterase (LE) and myeloperoxidase (MPO), and bacterial detection with the degree of endometrial inflammation, and determining the best time postpartum for diagnosing endometritis to predict subsequent fertility in dairy cows. Plasma albumin, blood urea nitrogen (BUN), total cholesterol (T-cho), NEFA, and BHBA concentrations were analyzed in 43 Holstein cows at 3, 5 and 7 weeks postpartum (W3, W5 and W7). Endometrial samples were collected at W3, W5 and W7 to examine LE and MPO activities, bacterial detection rates, and PMN% profiles. The 43 cows were divided into healthy (HE), subclinical endometritis (SE), and clinical endometritis (CE) groups, classified differently at W3, W5 and W7 based on the definitions of SE and CE for each of the three weeks pp. LE level had an association with PMN% in all weeks pp (P<0.05). Albumin and BUN levels had weak negative associations with endometrial PMN% at W3. Pathogenic bacterial detection rates were higher in the cows with endometritis at W3 and W5. Conception rate at first artificial insemination tended to be lower (P=0.057) in the cows diagnosed with endometritis at W3 than in the healthy cows. In conclusion, associations were found between endometrial LE and endometritis, but not for MPO and endometritis. Diagnosing endometritis in W3 may be the best moment to predict subsequent fertility.
doi: 10.1292/jvms. blood urea nitrogen (BUN) levels reflect protein metabolism in dairy cows [9] . Previous studies have reported that there is a relationship between uterine diseases and concentrations of albumin, BUN, and total cholesterol [16, 22, 35] . Most dairy cows experience a negative energy balance status close to and after calving, and the concentrations of non-esterified fatty acids (NEFA) and ketone bodies increase substantially after calving [3, 34] . Elevated serum beta-hydroxybutyric acid (BHBA) concentrations in the first 2 weeks postpartum indicate an increased risk of metritis [14] , which is a usual precursor of the development of clinical and subclinical endometritis [36] . However, previous studies have focused only on peripheral polymorphonuclear neutrophil (PMN) functions regarding the effects of these biochemical metabolites on immune functions around parturition; however, a clear relationship between local immunity in the uterus and biochemical parameters remains unknown.
Recently, the determination of the activity of leukocyte esterase (LE), an enzyme produced from neutrophils, has been proposed as a cow-side test for diagnosing postpartum subclinical endometritis. Hereby, test strips are able to analyze LE activity in urine samples as well as in uterine lavage fluid or uterine cytobrush samples [10, 12] . Another important enzyme secreted by leukocytes is myeloperoxidase (MPO). MPO is a member of the mammalian peroxidase family, and is known to be effective in killing microorganisms [19] . Parrilla-Hernandez et al. [29] determined MPO levels in uterine lavage samples collected from mares, and proved that increased MPO concentrations were related to the occurrence of endometritis. However, to our knowledge, MPO levels in uterine fluid collected from cows have not been determined yet.
Another diagnostic technique for endometritis is the identification of bacterial species isolated from the uterus. The uteri of more than 90% of dairy cows are contaminated with bacteria in the first 2 weeks after parturition [31] . Although most cows combat this uterine bacterial contamination within 5 weeks postpartum (W5), bacterial infections resulting in endometritis occur in more than 10% of the animals [6] . In particular, bacterial species such as Trueperella pyogenes (T. pyogenes) and Escherichia coli (E. coli) have been reported to be pathogenic to the uterus [37] . Subclinical endometritis due to bacterial infections is known to affect the reproductive performance of cows [26] . Nevertheless, a clear relation between the detection rates of bacteria and severity of uterine inflammation has not been established.
Several diagnostic techniques for detecting the occurrence of inflammatory processes in the uterus, including ultrasonography [2] , culture of bacteria from uterine fluid [7] , uterine biopsy [5] , and uterine cytology, have been described [17] . Ultrasonography and culture of bacteria from uterine fluid have been reported to have low sensitivity, and uterine biopsy followed by histological examination is expensive, time-consuming, and clinically inaccessible under practical field conditions. However, endometrial cytology using cytobrush techniques has recently been developed as a method useful for diagnosing clinical and subclinical endometritis in cows. Additionally, the determination of the percentage of polymorphonuclear neutrophils (PMN%) is an objective method that can evaluate the extent of local inflammation within the uterus [1] , since the occurrence of cytologically confirmed endometritis has been reported to have a detrimental effect on subsequent postpartum fertility [13] . It is of considerable importance to be able to correctly diagnose postpartum endometritis using validated cow-side techniques to improve the reproductive performance of dairy cows.
We hypothesized that blood-related biochemical parameters, LE and MPO levels, and/or isolation of bacterial species may be used as potential diagnostic markers for clinically detecting the occurrence of clinical and subclinical endometritis in postpartum dairy cows. Additionally, it is important to know the optimal time for diagnosing endometritis at the earliest to predict the fertility status of dairy cows. Therefore, the aims of this study were: 1, to determine the relationship between the periparturient plasma levels of albumin, BUN, NEFA, BHBA, and T-cho, postpartum activities of leukocyte esterase (LE) and myeloperoxidase (MPO), as well as bacterial species in the endometrium and clinical and subclinical endometritis; 2, to determine the optimal postpartum time for detecting the occurrence of clinical and subclinical endometritis to predict the subsequent fertility status of dairy cows.
MATERIALS AND METHODS

Animals
Totally, 59 multiparous Holstein-Friesian cows from a dairy farm in Miyazaki Prefecture, Japan, were enrolled in this study. All cows were housed in free stalls, fed twice daily with a total mixed ration meeting the requirements for milk production with ad libitum access to water, and milked twice daily with an average milk production of 10,438 kg each cow per lactation. All cows were examined at 3, 5 and 7 weeks postpartum (W3, W5 and W7) by transrectal ultrasonography using Honda HS-1600V (Honda Electronics Co., Ltd., Toyohashi, Japan) to evaluate uterine conditions, such as the presence or absence of fluid in the uterine lumen, and ovarian conditions for the presence or absence of corpus luteum (CL) and large visible follicles. Totally, 16 cows, which were diagnosed as having pyometra (n=9), culled (n=5) due to other reasons, such as mastitis, or those that died (n=2) by W7, were excluded from the study; the remaining 43 cows were used in this study. All cows had normal parturition, and none of them exhibited retained placenta. The cows were artificially inseminated after estrus detection after a voluntary waiting period of 55 days postpartum. The diagnosis of pregnancy was established by a skilled practitioner using transrectal ultrasonography within 30-43 days after artificial insemination (AI).
Body condition score and vaginal mucus score
The cows were examined for body condition score (BCS) at W3, W5 and W7. The BCS of each cow was evaluated on a 5-point scale with increments of 0.25, as described by Ferguson et al [15] . Vaginal mucus discharge was scored (VMS) using a mucuscollecting device (Metricheck, Simcro Tech, Hamilton, New Zealand) at W3, W5 and W7 according to a method described by William et al. [37] : clear mucus was scored 0; mucus containing flecks of white pus was scored 1; discharge containing equal to doi: 10.1292/jvms. or less than 50% of white mucopurulent material was scored 2; discharge containing equal to or more than 50% of white or yellow pus was scored 3; discharge containing >50% of white or yellow pus along with fetid odor was scored 4.
Blood sampling and measurement of plasma biochemical parameters
Blood samples were collected from the coccygeal vein at W3, W5 and W7 using vacuum tubes with EDTA (Terumo Co., Tokyo, Japan), and transported to the laboratory at 4°C. Within 3 hr of collection, plasma was separated by centrifugation at 1,500 g for 15 min, harvested, and stored at −20°C until further analysis. The following biochemical parameters were evaluated: albumin level by the Bromocresol Green method, BUN by the Urease-GLDH method, and T-cho, NEFA and BHBA levels by enzymatic analyses. The measurements were performed on a BioMajesty autoanalyzer (JCA-BM8060, JEOL Ltd., Tokyo, Japan).
Collection of endometrial samples and cytological assessment
Endometrial samples were collected at W3, W5 and W7 using the cytobrush technique, as described by Kasimanickam et al [23] . In brief, the regions of the perineum and vulva were washed, and wiped with a paper towel. A cytobrush (Metribrush, Fujihira Industry Co., Ltd., Tokyo, Japan) was threaded onto a 65-cm-long plastic rod, and placed in a stainless steel tube (50 cm in length and 5 mm in diameter) for passage through the cervix. The instrument was placed in a sanitary plastic sleeve (Fujihira Industry Co., Ltd.) for the protection of vaginal contamination. Endometrial cytology samples were collected by rotating cytobrush against the endometrial epithelium in a clockwise direction while in contact with the uterine wall. The cytobrush was retracted into the stainless steel tube prior to removal from the uterus. For cytological assessment two slide glasses were prepared by rolling the cytobrush on a predetermined surface area of the glass and immediately fixed the slides on site using a cytofixative alcohol spray (Cytokeep ® II, Alfresa Pharma Corp., Osaka, Japan) allowing the slides to dry, and staining using the Diff-Quik stain (Sysmex Corp., Kobe, Japan) for one min. Cytological assessment was performed by counting a minimum of 200 cells at 400 × magnification to determine the percentage of neutrophils (PMN%), as described previously [8, 27] . Initially, the entire slide was analyzed, and a representative area was selected to determine PMN% [23] .
Evaluation of activities of leukocyte esterase and myeloperoxidase in the endometrium
Endometrial samples were collected using the cytobrush, and rolled onto glass slides. In brief, the cytobrush was immersed in 1.5 ml of 0.9% saline contained in 2-ml tubes, and agitated 20 times. Reagent test strips (Siemens Lifestix ® , Siemens Healthcare Co., Ltd., Tokyo, Japan) used for detecting and evaluating LE activity were inserted into the tubes for 5 sec, and the samples that remained were centrifuged at 600 g for 10 min to collect the supernatant, which was stored at −20°C until the analysis of myeloperoxidase activity. The levels of LE activity were scored from code 0 to 4 based on the degree of color change observed on the strips as the esterase hydrolyzed its substrate (3-hydroxy-5-phenylpyrrole esterified with an amino acid) releasing 3-hydroxy-5-phenylpyrrole, which in turn, reacted with a suitable diazonium salt, yielding a violet azo-dye [25] . The scores were: code 0, − (no leukocyte); code 1, ± (traces of leukocytes); code 2, + (low number of leukocytes); code 3, ++ (moderate number of leukocytes); code 4, +++ (high number of leukocytes), as described previously [12] according to the manufacturer's instruction. Endometrial samples were collected randomly from 13 of 43 cows to measure MPO activity using a commercial bovine ELISA kit (ELISA kit for Myeloperoxidase, #SEA601Bo, Cloud-Clone Corp., Houston, TX, U.S.A). The sensitivity and intra-and inter-assay coefficients of variation for the assay were 0.62 ng/ml, <10 and <12%, respectively.
Isolation of bacteria
Bacteriological samples were collected using sterilized cotton swabs rolled along the cytobrush, and placed in vials containing Amies charcoal medium (Hoei Co., Ltd., Osaka, Japan) cooled to 4-6°C, and transported to the laboratory within 3 hr after sample collection. The collected sample material was then transferred directly from the swab onto a standard blood agar medium (TryptoSoya Agar, Nissui Co., Tokyo, Japan) to culture aerobic and anaerobic bacteria for 48 hr at 37°C under aerobic and anaerobic conditions, respectively. The bacterial species were identified based on colony morphology, Gram-stained smears, and biochemical characteristics [37] . The bacterial species were classified based on their pathogenicity: 1, T. pyogenes and E. coli (pathogenic bacteria) related to endometritis; 2, non-pathogenic bacteria [38] . Bacterial detection rate was calculated as the percentage of animals infected with bacteria, and pathogenic bacterial detection rate was calculated as the percentage of animals infected with pathogenic bacteria.
Classification of animals
The total number of 43 cows were divided into healthy (HE), subclinical endometritis (SE), and clinical endometritis (CE) groups. The diagnosis of clinical and subclinical endometritis was made based on endometrial PMN% and VMS, and animals have been classified based on these two indices in previous studies [13, 37] . Therefore, in this study, the animals were classified based on PMN% and vaginal mucus score, which changes each week postpartum. Classified animals were distributed in one of the three groups for endometritis status (HE, SE and CE) at W3, W5 and W7 to identify the most optimal moment postpartum to predict subsequent fertility outcome according to the previously accepted criteria: at W3, HE (n=18), SE (n=8), and CE (n=17) were defined as the conditions when PMN% and VMS were <18 and 0-2, ≥18 and 0-2, and ≥18 and 3-4, respectively for [23] ; at W5, HE (n=26), SE (n=8), and CE (n=9) were defined as the conditions when PMN% and VMS were <6 and 0-1, ≥6 and 0-1, and ≥6 and 2-4, respectively [13] ; at W7, HE (n=31), SE (n=9) and CE (n=3) were defined as the conditions when PMN% and VMS were <4 and 0-1, ≥4 and 0-1, and ≥4 and 2-4, respectively [13] . 
RESULTS
Relationship between plasma biochemical parameters and endometrial inflammation in postpartum dairy cows
The relationship between plasma biochemical parameters and endometrial PMN% in postpartum dairy cows is shown in Table 1 .
A weak negative association was demonstrated between albumin concentration at W3 and PMN% (P=0.07) (Fig. 1) . Similarly, a weak negative association was observed between BUN level and PMN% at both W3 (P=0.07) and W7 (P=0.08). Out of the 7 cows that showed low albumin concentrations (<2.5 g/dl) [36] at W3, 5 (71.4%) had high PMN% (>18) ( Table 2 ). Out of the 10 cows that showed low BUN levels (<9 mg/dl) [24] at W3 and W7, 6 (60%) had high PMN% (>18). No relationship was observed between the concentrations of T-cho, NEFA and BHBA and BCS with PMN%.
Association of activities of leukocyte esterase (LE) and myeloperoxidase (MPO) with PMN in endometrial samples
LE activity correlated significantly with PMN% at W3, W5 and W7 (P<0.01) (Fig. 2) . Contrarily, the association between MPO level and PMN% was not significantly different at W3, W5 and W7.
Bacterial detection rates
A tendency was observed in the difference in bacterial detection rate as well as pathogenic bacterial detection rate between the HE and CE cow groups at W3 (P=0.055, Fig. 3 ). Moreover, a significant difference in bacterial detection rate as well as pathogenic bacterial detection rate was observed between the HE and SE groups at W5 (P<0.05). No differences were observed between groups HE, SE, and CE in at W7.
Subsequent reproductive performance
The conception rates at first AI in the HE group tended to be higher than those in the SE group, although not in the CE group at W3 (P=0.057) ( Table 3) . No significant differences were observed in subsequent reproductive performance among the three groups at W5 and W7.
DISCUSSION
We demonstrated the relationships between peripheral biochemical parameters and activities of endometrial leukocyte esterase (LE) and myeloperoxidase (MPO) and the degree of endometrial inflammation, and determined the best time for diagnosing endometritis to predict subsequent fertility. Our study demonstrated weak associations between plasma albumin levels and endometrial PMN% at W3 (P=0.07) and between BUN levels and endometrial PMN% at W3 (P=0.07) and W7 (P=0.08), and LE activity had significant associations with PMN% at W3, W5, and W7. The bacterial detection rate tended to be higher in CE and SE groups than in HE group at W3 (P=0.055) and W5 (P<0.05), and the conception rates at first AI in HE groups tended to be higher than those in SE group at W3 (P=0.057).
A weak negative association was observed between albumin levels and PMN counts at W3. Albumin level was observed to be associated with postpartum disease, and can be used to predict disease risk in close-up and fresh cows [35] . Since total protein and albumin levels reflect the availability of protein, and since, consequently, their concentrations decline during protein deficiency, fresh cows with low plasma albumin (<2.5 g/dl) concentrations may fail to respond adequately to disease insults, and may suffer from metritis, mastitis, and other diseases [35] . The normal range of albumin concentration in healthy cows is 2.8-3.9 g/dl [33] and 5 of the 7 (71.4%) cows with an albumin level <2.5 g/dl had high PMN% at W3 in this study. Albumin is known to be a negative reacting protein, and its level decreases during inflammation [4, 28] . This may be a reason for the low albumin concentrations in the cows with endometrial inflammation or high PMN%. Albumin at low levels may serve as a marker for the development of endometritis. In our study, we observed weak negative associations between BUN levels and PMN% at W3 and W7. Of the 10 (60%) cows with low BUN levels (<9 mg/dl), which was far below the normal range of BUN levels in healthy cows (12.8-57.7 mg/dl) [33] , 6 had high PMN% (over 80) at W3 and W7. This finding, which was consistent with that of a previous study, showed that cows with low BUN levels (<9 mg/l) at W2 and W4 are at a risk of developing endometritis by W5 and W6, respectively [30] . Another report stated that cows with low BUN levels and high PMN% may have consumed lower DMI during the transition period than healthy cows [21] , which is necessary for minimizing negative energy balance and maintaining animal health.
There were no associations between the other biochemical parameters and PMN%. Since acute-phase proteins may be useful parameters for the prognosis of endometritis [20] , their effect on PMN function in pre-and postpartum cows should be clarified in future.
There were positive associations between LE levels and endometrial PMN% at W3, W5 and W7. The result of this study that LE activity increased significantly in the cows with subclinical endometritis [10, 12] agreed with those of previous studies, and showed that the association was the strongest, and many cows had high PMN% at W3, because neutrophils were present at greater numbers than at W5 and W7. Cows in the early postpartum period tend to have extremely high proportions of neutrophils in endometrial cytology [17] , which may have helped in improving the sensitivity of the reagent strip test. Although there is no previous report clarifying the relationship between LE and endometrial PMN at such an early postpartum period as W3, our results suggested that the collection of endometrial samples in this period for evaluating LE activity may be valuable for diagnosing subclinical endometritis.
To the best of our knowledge, this is the first study on MPO levels in the endometrium of cows, although high MPO levels in milk has been reported to be related to high somatic cell numbers and neutrophil count in cows [11] . Mares with positive cytology had significantly high MPO levels [29] . However, in the present study, there was no such association between MPO level and PMN% in the dairy cow. One possible explanation for this discrepancy between the findings of the previous study and the present study may emerge from the differences in the estrous cycle. While endometrial samples were collected from mares during estrus in the previous study, samples were collected from cows during the early postpartum period regardless of the estrous cycle in the present study. Moreover, we randomly chose a limited number of cows to conduct a preliminary assay. Further investigations, such as studies clarifying MPO profiles during the estrous cycle in cows, are required to confirm whether MPO levels change with the stage of the estrous cycle.
Previous studies reported that among the bacterial species causing endometrial diseases (pathogenic to the endometrium), T. pyogenes and E. coli are the most prevalent [18, 37] . This is the reason for our focus on these two bacterial species in our study. The detection rate of T. pyogenes or E. coli in the uterus tended to be higher in the clinical endometritis group than in the healthy group at W3. Similarly, the pathogenic bacterial detection rate was higher in the subclinical endometritis group than in the healthy group at W5. Usually, healthy cows get rid of bacteria from their uteri within approximately 3 weeks after calving, and complete uterine involution within 4 or 6 weeks [32] , and those suffering from immunosuppression around calving owing to calving stress or with low DMI and high negative energy balance (NEB) are affected by endometritis. The uteri of postpartum dairy cows are susceptible to infection by different pathogenic bacterial species and infections appearing to be related to periparturient immunosuppression and negative energy balance around calving [14] . We conjectured that the detection rates of T. pyogenes and E. coli are regarded as important factors influencing the incidence of clinical and subclinical endometritis.
The conception rates at first AI tended to be higher in the HE group than in the SE group diagnosed at W3, although not at W5 or W7. The infection of the uterine lumen with pathogens suppresses follicular growth rate and consequently, the function of the first postpartum dominant follicle [38] . Therefore, subclinical endometritis due to bacterial infection prolongs the days to first service and calving-to-conception interval, and reduces pregnancy rate [26] . Kasimanickam et al. [23] reported a decrease in the proportion of pregnant cows, increased number of open days and reduced conception rates at first AI in cows with subclinical endometritis housed under intensive farming conditions. To the best of our knowledge, no previous study has reported the optimal time for diagnosing endometritis postpartum. Nevertheless, the diagnosis of endometritis in dairy cows in early postpartum as early as W3 after calving may be required to improve subsequent reproductive performance.
In summary, the findings of the present study confirmed that the relationship between the plasma biochemical parameters and LE levels with PMN% as well as the pathogenic bacterial detection rates may be related to the occurrence of endometritis, diagnosed by cytological assessment as early as W3. It is concluded that there were associations between endometrial LE activity a) The threshold for low albumin level was <2.5 g/dl; b) The threshold for low BUN level was <9.0 mg/dl [24, 35] .
and endometritis, although not between MPO activity and endometritis, and W3 may be the best time for the early diagnosis of endometritis to predict subsequent fertility.
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We thank the members of the Miyazaki Prefecture Livestock Public Corporation for their cooperation on this research. This research was supported in part by a Grant-in-Aid for Scientific Research (No. 16H05038 to TO) from the Japan Society for the Promotion of Science. Fig. 2 . Associations of levels of leukocyte esterase (LE) (n=43) and myeloperoxidase (MPO) (n=13) with PMN% in endometrial samples from dairy cows. Graphs A to C show the associations between LE levels and PMN% at W3 (A), W5 (B) and W7 (C). Graphs D to F show the associations between MPO levels and PMN% at W3 (D), W5 (E) and W7 (F).
Fig. 3.
Comparison of bacterial detection rates between healthy (HE), clinical endometritis (CE), and subclinical endometritis (SE) dairy cow groups (n=43). The grey part of the bars indicates pathogenic bacteria detection rate and white part indicates nonpathogenic bacteria detection rate. The three groups were classified differently at W3, W5 and W7 based on the definitions of SE and CE for each of the following weeks pp: at W3, HE, SE and CE, were defined as the conditions when PMN% and VMS were <18 and 0-2, ≥18 and 0-2, and ≥18 and 3-4, respectively; at W5, HE, SE and CE were defined as the conditions when PMN% and VMS were <6 and 0-1, ≥6 and 0-1, and ≥6 and 2-4, respectively; was at W7, HE, SE, and CE were defined as the conditions when PMN% and VMS were <4 and 0-1, ≥4 and 0-1, and ≥4 and 2-4, respectively. a-b, A-B: P=0.055; c-d, C-D: P<0.05. 72.0 ± 8.0 0 (0/2) a, b: P=0.057. *Data are expressed as mean ± standard error of mean (SEM). The three groups were classified differently at W3, W5 and W7 based on the definitions of SE and CE for each of the following weeks pp: at W3, HE, SE and CE were defined as the conditions when PMN% and VMS were <18 and 0-2, ≥18 and 0-2, and ≥18 and 3-4, respectively; at W5, HE, SE and CE were defined as the conditions when PMN% and VMS were <6 and 0-1, ≥6 and 0-1, and ≥6 and 2-4, respectively; at W7, HE, SE and CE were defined as the conditions when PMN% and VMS were <4 and 0-1, ≥4 and 0-1, and ≥4 and 2-4, respectively. Out of the 43 cows, 7 cows with mastitis (n=5) or those that died (n=2) were excluded from reproductive performance analysis.
